Aims/hypothesis Islet antibody-negative first-degree relatives of type 1 diabetes patients have a very low risk of developing diabetes. We studied the balance between IFN-γ (proinflammatory) and IL-10 (regulatory) T cell responses in these participants. Methods Peripheral blood T cells from adult (18-50 years old, n=40) DRB1*0401-positive first-degree relatives negative for GAD and tyrosine phosphatase-like insulinoma antigen 2 (IA-2) antibodies were tested for IFN-γ and IL-10 responses in a sensitive cytokine enzyme-linked immunospot assay against a panel of seven peptide epitopes derived from IA-2 and proinsulin. Comparison was made with HLAmatched newly diagnosed type 1 diabetic patients (n=42) and healthy controls (n=39). Results First-degree relatives and newly diagnosed type 1 diabetic patients displayed a similar frequency of IFN-γ responses to the peptide panel and both were significantly greater than in healthy controls (relatives 9.6%, patients 11.8%, controls 4.0%, p=0.003). First-degree relatives and newly diagnosed type 1 diabetic patients also showed similar frequencies of IL-10 responses, which were significantly lower than in healthy controls (relatives 7.1%, patients 9.0%, controls 15.8%, p=0.003). However, individual IL-10 responses of first-degree relatives were similar in size to those in healthy controls and larger than those in newly diagnosed type 1 diabetic patients (relatives median 29 spot-forming cells/1×10 6 peripheral blood mononuclear cells, controls 33, patients 11, p=0.02). Conclusions/interpretation Taken together, these results suggest that antibody-negative first-degree relatives have a balance of proinflammatory and regulatory T cells, which is intermediate between that of newly diagnosed type 1 diabetic patients and healthy controls. This suggests that even a moderate regulatory response may be sufficient to prevent the development of clinical type 1 diabetes in genetically predisposed individuals.
Introduction
It is now well established that the appearance of isletspecific autoantibodies in the blood predates the clinical onset of type 1 diabetes by many years [1] . This indicates that the autoimmune process in type 1 diabetes progresses rather slowly to beta cell destruction. Identification and modification of the factors involved in determining the speed of this process are major research goals, as they have the potential to delay development of hyperglycaemia and the need for insulin for many years, if not for the lifetime of the individual [2] . Studies of families with type 1 diabetes indicate that high-risk HLA-type, positive family history, an increasing number of different islet autoantibody specificities and younger age at appearance of autoantibodies are all associated with more rapid disease progression [1, [3] [4] [5] .
In this context it is striking that first-degree relatives who have not developed islet autoantibodies by the age of 18 have a very low risk of ever developing diabetes, even though they may share 50% or more of the genetic risk and a large part of the environmental risk (by living in the same family) as their affected siblings, children or parents [6, 7] . The exact risk has not been computed as this would involve following a very large number of antibody-negative persons for a very long time, but the risk is sufficiently low for antibody-negative first-degree relatives to be excluded from follow-up in the TrialNet Natural History Study [8] . Similar observations have been made in studies of monozygotic twin pairs. Of 53 monozygotic twin pairs discordant for type 1 diabetes, only one of 31 initially antibody-negative twins (3%) developed diabetes after a median follow-up of 12 years, despite being genetically identical to their diabetic co-twin, as compared with 11 of 22 antibody-positive twins (50%) [9] . Taken together, these observations raise the possibility that first-degree relatives of patients with type 1 diabetes who remain antibody-negative into adulthood are in some way protected from developing type 1 diabetes.
Cell-mediated immunity involving T lymphocytes is believed to play the main role in causing the specific destruction of beta cells in type 1 diabetes [10] . Both CD4 and CD8 cells are involved [10] . However, in recent years it has become apparent that not all islet-specific T cells are proinflammatory and that populations exist, generally referred to as regulatory T cells (Tregs), which can actively protect against islet destruction [11] . In animal models, such populations include 'naturally occurring T regs' (CD4   +   CD25 hi ), which secrete TGF-β [12] and have been shown to decline in numbers commensurate with the onset of diabetes in NOD mice [13] . In human type 1 diabetes, the role of naturally occurring Tregs is less well defined. Disruption of the FOXP3 gene, which is key to regulatory cell development, results in type 1 diabetes before the age of 1 year in a high frequency of boys with the IPEX syndrome [14] . However, although initial reports suggested a reduction in the number of CD4 + CD25 + at diagnosis in type 1 diabetes [15] , later studies have not confirmed this [16, 17] . Increased levels of surface CD69 and intracellular cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) have been reported in CD4 + CD25 + T cells from newly diagnosed patients [18] , but reduced levels of intracellular CTLA-4 have been reported in this T cell subset in 5-yearold children with strong genetic risk factors for diabetes [19] .
Probably more relevant to an organ-specific autoimmune disease such as type 1 diabetes are the induced or adaptive Tregs. These cells are antigen-specific and develop from naive precursors in peripheral lymphoid organs after exposure to self-antigen. They include IL-10-secreting Tr1 cells and TGF-β secreting Th3 cells. Such cells are induced by antigen-specific immunotherapy in animals [20, 21] and in man [22, 23] . Moreover, at least in animals, they have been shown to effectively protect against disease. Although many techniques have been developed to detect antigenspecific T cell responses in humans [24] , detection of circulating islet antigen-specific Tregs presents additional challenges. A recent study reported on a sensitive cytokine enzyme-linked immunospot (ELISPOT) assay, which is able to detect pro-inflammatory (IFN-γ-secreting) and potential regulatory (IL-10-secreting) T cells specific for a panel of peptides representing naturally processed and presented epitopes of islet cell antigens [25] . Using this assay, a remarkably high prevalence of islet peptide-specific IL-10-secreting T cells in HLA-matched healthy individuals was observed [25] , consistent with the view that these cells may play a role in preventing disease development. Single cell cloning of these cells from healthy individuals has confirmed their regulatory potential [26] . IL-10-secreting T cells are also present in newly diagnosed patients with type 1 diabetes [25, 27, 28] , but in contrast to healthy controls, a high frequency of IFN-γ-secreting (presumed proinflammatory) T cells is also present [25, 27] , emphasising the potential importance of the balance between proinflammatory and Treg subsets. Interestingly, high frequencies of IL-10-secreting T cells at diagnosis were associated with improved glycaemic control 3 months after diagnosis [28] . Since adult, antibody-negative first-degree relatives are at very low risk of disease even in the presence of a high level of genetic risk, we hypothesised that IL-10-secreting Tregs might play a role in this protection. Here we report the results of the first study of combined IFN-γ (representing pro-inflammatory responses) and IL-10 (representing regulatory responses) islet-specific T cell assays in a large series of antibody-negative first-degree relatives compared with HLA-matched healthy controls and new-onset type 1 diabetes patients.
Methods
Participants Young adult patients with newly diagnosed type 1 diabetes were identified from the South West Newly Diagnosed Diabetes Collection (SWENDIC), which covers a population of about 4 million and 14 hospitals in southwest England and south Wales. Type 1 diabetes was defined by American Diabetes Association criteria [29] and patients were diagnosed as having the disease by the local specialist diabetes team with an intention to start immediate insulin therapy. Participants who had a first-degree relative with type 1 diabetes but were themselves negative for circulating anti-islet autoantibodies, i.e. against GAD or tyrosine phosphatase-like insulinoma antigen 2 (IA-2), were identified through the UK (Bristol) Centre of the TrialNet Natural History Study [8] . HLA-matched healthy controls with no history of type 1 diabetes in their first-degree relatives were identified and recruited from staff and students of the University of Bristol, UK, and from the staff of University Hospitals Bristol NHS Foundation Trust (formerly United Bristol Healthcare Trust). Additional individuals were identified from local controls recruited for the TrialNet T cell Validation Study [30] All participants were initially screened and selected for expression of the HLA restriction element, DRB1*0401, in DNA samples obtained either by mouth brush or venous blood sampling [31] , as this is the restriction element used to derive the T cell epitope panel [25] . Positive participants then provided a sample (70 ml) of venous blood for cytokine ELISPOT testing (see below) and measurement of autoantibodies against IA-2 and GAD by immunoassay, as previously described [4] . Autoantibody titres were considered to be positive when their value was greater than the 97.5th percentile in a control population of 2860 healthy school children [4] , i.e. >6 WHO Units for IA-2 and >14 WHO Units for GAD. Autoantibody assays were used to provide evidence of autoimmune diabetes in newly diagnosed type 1 diabetes patients and to exclude high risk of disease progression in first-degree relatives (associated with antibody positivity). Epitope correlations between B and T cell responses were not explored.
All human research procedures were performed with the approval of the Local Research Ethics Committee and with the written informed consent of all participants involved.
Peptide panel The peptide panel was derived from that used by Arif et al. [25] and included IA-2 and proinsulin peptides naturally processed and presented by HLA-DR4 (previously identified by Peakman et al. [32] and Arif et al. [25] , respectively), as well as three 'promiscuous epitopes' from tetanus toxoid used as controls for the specificity of the T cell response [25, 33] . Table 1 summarises the peptides used and their sequences. Amino acid sequences of peptides derived from the islet antigens IA-2 are given numbered from the amino terminus. For proinsulin, residue numbers are given in the C-peptide (number 6) or across the C-peptide-A chain junction (number 7). Tetanus toxoidderived peptides are given as single letter amino acid sequences, see Arif et al. [25] for further details. All the above peptides were synthesised to more than 90% purity using reverse-phase HPLC and mass spectrometry by Mimotopes (Clayton, VIC, Australia).
ELISPOT assay Cytokine ELISPOT assays were performed as previously described [25] . Peripheral blood mononuclear cells (PBMCs) were isolated from fresh blood samples within 4 h of venesection by buoyant density centrifugation (580 g, 20 min). PBMCs were then cultured in 48-well plates at a density of 2×10 6 in 0.5 ml RPMI-1640 medium (Gibco, Invitrogen, Paisley, UK) supplemented with antibiotics (Antibiotic-Antimycotic; Gibco, Paisley, UK), 10% (vol/vol.) human AB serum (Harlan Sera-Lab, Loughborough, UK) and peptide to a final concentration of 10 to 20 μmol/l, and incubated at 37°C, 5% CO 2 , tilted by 5°. Wells containing culture medium plus either an equivalent amount of peptide diluent (DMSO) or 0.16 IU of tetanus toxoid (Diftavax; Aventis Pasteur MSD, Maidenhead, UK) were used as negative and positive assay controls, respectively. On day 1 after the above, 0.5 ml pre-warmed tissue culture medium/10% (vol./vol.) AB serum was added. The next day (day 2), non-adherent cells were resuspended using pre-warmed tissue culture medium/2% (vol./vol.) AB serum, washed and brought to a concentration of 1×10 6 / 300 μl, after which 100 μl was dispensed in triplicate into wells of 96-well ELISA plates (Nunc Maxisorp; Merck, Poole, UK) pre-blocked with 1% (wt./wt.) BSA in PBS and pre-coated with monoclonal anti-IFN-γ or anti-IL-10 capture antibody (U-Cytech, Utrecht, the Netherlands). After capture at 37°C, 5% CO 2 for 18 h, plates were washed three times manually in PBS, followed by eight times in PBS/Tween 20 using an automated plate washer. Spots were then developed according to the manufacturer's instructions (U-Cytech). Plates were dried and spots of 80 to 120 μm counted in a BioReader 4000 (BioSys, Karben, Germany). Background (non-specific) mean spot counts were low. For newly diagnosed type 1 diabetic patients, first-degree relatives and healthy controls groups respectively, mean background rates were 1.1, 1.2 and 1.7 spotforming cells (SFC)/1×10
6 PBMC for IFN-γ; and 0.8, 1.5 and 2.0 SFC/1×10 6 cells for IL-10. ELISPOT analysis was performed strictly according to the following criteria. First, spots were counted as total number of spots per condition, summing all three wells and using customised settings in the BioReader (BioSys). Second, an assay was considered uninterpretable when the total number of spots for DMSO (negative assay control) was higher than a total of six spots in the three wells of the triplicate set (4.3% of assays) or when it failed to show a positive response to tetanus toxoid and/or to tetanus toxoid epitopes for both cytokines (0.83% of assays); such assays were excluded from analysis. Third, a response was considered to be positive if the total number of spots was greater than the mean+2 SDs of all the negative control wells in participants of the same clinical group. To assess reproducibility, responses (either positive or negative) to the control peptide showing highest reactivity (and hence highest discriminative capacity, peptide 9) were compared on two occasions 3 to 24 months apart in a subsection consisting of 15 of 42 newly diagnosed type 1 diabetic patients, ten of 40 first-degree relatives and ten of 39 healthy controls. Across all 35 of these participants, 65% agreement was observed for IFN-γ and 68% for IL-10 responses on the two occasions, compared with an expected chance agreement rate of 50% and 55% respectively. These results equate to kappa statistic values of 0.29 for IFN-γ and 0.28 for IL-10, which are consistent with those previously reported for similar T cell assays [30] .
Statistics The frequency of positive peptide responses between the three groups was compared using a χ 2 test with 2 degrees of freedom followed by post-hoc pairwise comparisons by χ 2 testing, if the comparison of all three groups showed p<0.05. The size of positive responses was expressed as SFC/1×10 6 PBMC and the sum of positive responses (total SFC) in an individual to any peptide of the islet antigen peptide or tetanus toxoid panels was compared between the three participant groups by the Kruskal-Wallis test. At p<0.05 for this test, pairwise comparisons were made using the Mann-Whitney U test. To examine the balance of regulatory and proinflammatory responses, we used the ratio of the maximal IL-10 response to any peptide in the panel divided by the maximal IFN-γ response (both expressed as SFC/1×10 6 PBMC after subtraction of negative assay control responses). Where the value for SFC was zero, the lowest measured value (0.5) was substituted, as a ratio cannot be computed with a denominator of zero. To normalise the data, results were converted to the natural log of the ratio of IL-10: IFN-γ SFC and compared using unpaired t tests. The same approach was used to compare the total SFC with all islet or tetanus toxoid peptides between the groups. Table 2 summarises the characteristics of the participants studied. The mean ages of the groups were similar, but there were more males in the newly diagnosed type 1 diabetic patients group (as previously described for adultonset type 1 diabetes [34] ). Of newly diagnosed patients, 83% were positive for autoantibodies to either IA-2 or GAD, again consistent with previous reports in this age group [34] .
Results
Frequency of IFN-γ-producing peptide responses Significant differences in the frequency of positive IFN-γ-producing responses to the peptide panel were seen between the three groups (p=0.003) (Fig. 1a) . In pairwise analysis, significantly more positive IFN-γ responses were seen in the newly diagnosed type 1 diabetic patient group than in healthy controls (p=0.0003) as expected. Interestingly, the first-degree relatives group also had significantly more peptide responses than the healthy controls (p=0.009), suggesting they had a degree of proinflammatory disease activity, despite being at very low risk of developing clinical diabetes. There was no significant difference in frequency of peptide responses between the first-degree relatives and the type 1 diabetes group. For individuals with a positive response, the median number of peptides recognised was similar between the groups (1.5, 1.5 and 1.0 for diabetic patients, relatives and healthy controls respectively) All participant groups showed a similar frequency of IFN-γ responses to the tetanus toxoid panel (p=0.9) (Fig. 1a) .
Frequency of IL-10-secreting peptide responses Significant between-group differences were also seen in the frequency of positive IL-10-producing responses to the peptide panel (p=0.003) (Fig. 1b) , but in the opposite direction to the IFN-γ responses (Fig. 1a) . In pairwise analysis, the frequency of responses was higher in healthy controls than in both newly diagnosed type 1 diabetic patients (p=0.008) and first-degree relatives (p=0.007). For individuals with a positive IL-10 response, the median number of peptides recognised was similar between the groups (1.5, 2.0 and 2.0 for diabetic patients, relatives and healthy controls respectively). When all three groups were compared, no significant difference in IL-10 responses to control (tetanus toxoid) peptides was seen, although there was a trend to more frequent responses in the control group (p=0.14), suggestive of a general tendency towards less regulatory responses in participants from affected families.
Size of peptide responses As a measure of the magnitude of T cell response, Fig. 2 compares the total number of islet peptide-specific SFC in a given individual with that of individuals showing a positive response to one or more peptides in the other groups. The total number of SFC in positive IFN-γ responses was similar in size between the groups (around 10 SFC/1×10 6 PBMC) (Fig. 2a) . By contrast, the total SFC in positive IL-10 responses was around three times greater than the IFN-γ responses and significantly larger in first-degree relatives (p=0.02) and healthy controls groups (p=0.008) than in the type 1 diabetic patients, with total IL-10 responses in diabetic patients, first-degree relatives and healthy controls of 11 (3.5-24), 29 (12.5-53) and 33 (14-115) SFC/1×10 6 PBMC respectively (Fig. 2b) . No difference was seen in the median total SFC of positive tetanus toxoid peptide responses between groups (Fig. 2c, d) . Figures 3 and 4 examine the individual positive peptide responses further. Figure 3 shows the frequency of positive responses to the three different tetanus toxoid peptides (numbers 8-10) studied and illustrates that peptide number 9 was the most commonly and peptide number 8 the least commonly recognised peptide. This was true for all three groups of participants, and for IFN-γ and IL-10 responses. Figure 4 compares the frequency of positive peptide responses to each islet peptide with that of the least commonly recognised tetanus toxoid peptide, peptide number 8. Here, peptide number 8 is being used as a surrogate 'negative peptide' to determine whether the response frequencies to individual islet peptides are any higher than the expected background level of immune response to any irrelevant or random peptide. It is not possible to have a true 'negative peptide' as any randomly generated sequence may in fact be part of an epitope from an unknown foreign or selfpeptide. The use of the response to peptide number 8 as a surrogate 'negative peptide' represents quite a stringent test, as responses to this tetanus toxoid-derived sequence would, if anything, be expected to be higher than background.
Frequency of individual peptide responses
Gradations in opposite directions for the two cytokines can be seen in Fig. 4 . For IFN-γ, seven of seven islet peptides in newly diagnosed type 1 diabetic patients, five of seven in first-degree relatives and only one of seven in healthy controls had responses equal to or greater than peptide number 8. Conversely, for IL-10, three of seven, five of seven and seven of seven peptides for diabetic patients, relatives and controls respectively had responses equal to or greater than peptide number 8.
It should also be noted that no single 'dominant' islet peptide from the panel can be identified as the 'best responder' across all groups, either for both cytokines together, or for each individual cytokine. This emphasises that individual peptide responses represent just a small sample of all the responses to a group of antigens; it also underlines the need for as broad a panel of peptides as possible to reflect the nature of the overall autoimmune response.
Balance between IL-10-and IFN-γ-producing T cell responses The overall T cell response is likely to be a balance of the regulatory and pro-inflammatory T cell responses. To reflect this, the ratio of maximal IL-10 response to maximal IFN-γ response was computed in each individual. Figure 5a compares the mean values of this ratio between the disease activity groups, showing that the healthy controls group had a significantly greater IL-10: IFN-γ ratio among islet-peptide responses than the newly diagnosed type 1 diabetes group (p=0.03) (Fig. 5a) . Values for first-degree relatives were intermediary between the diabetic patients and healthy controls (p=0.09 for the trend across all three groups). No differences in the ratios in Table 1 for peptide sequences responses to control (tetanus toxoid) peptides were seen (p=0.47 for the trend across all three groups) (Fig. 5b) . Note that the mean log ratios were negative for tetanus toxoid responses in all groups, indicating a predominant IFN-γ response (ratio IL-10:IFN-γ SFC <1) (Fig. 5b) , whereas for islet peptide responses in first-degree relatives and healthy controls the mean ratio was positive (Fig. 5a ) and indicated a predominant IL-10 response. Maximal responses were compared, as the majority of individuals responded to only one or two peptides of the panel. However, a trend in the same direction was also seen, when total SFC to all islet or tetanus toxoid peptides were compared (Fig. 5c, d) .
No significant correlations were seen between the size or frequency of peptide responses and the age of participants or, in the case of newly diagnosed type 1 diabetic patients, disease duration or antibody positivity.
Discussion
The results reported here show clear differences in the frequency and size of IFN-γ vs IL-10-secreting islet antigen-specific T cell responses between the clinical groups studied, with antibody-negative first-degree relatives appearing to show a phenotype intermediate between newly diagnosed type 1 diabetic patients and healthy controls. For the proinflammatory cytokine, IFN-γ, responses to the peptide panel were similar in frequency in the patients and first-degree relatives groups, but significantly more frequent than in healthy controls (diabetic patients vs healthy controls p=0.0003, relatives vs healthy controls p=0.009; Fig. 1a) . The importance of the breadth of IFN-γ responses across the peptide panel is emphasised by the observation that the frequency of positive responses to all seven islet peptides in the panel was greater than expected for an irrelevant peptide in newly diagnosed type 1 diabetic patients (tetanus toxoid peptide number 8), whereas this was only true for one of seven peptides for healthy controls. An intermediate result was seen for first-degree relatives, with five of seven peptides of the panel showing an increased frequency response greater than peptide 8 (Fig. 4) . The maximal size of IFN-γ-secreting positive islet peptide responses was relatively modest, being smaller than that seen for tetanus toxoid peptides, and did not differ between the clinical groups (Fig. 2) .
By contrast, potential Treg (IL-10) responses to the peptide panel showed the opposite pattern. The frequency of positive peptide responses was greater in healthy controls than in newly diagnosed type 1 diabetic patients (p= 0.008). First-degree relatives showed a frequency similar to that in the diabetic patients group and significantly less than that in healthy controls (p = 0.0007) (Fig. 1b) . However, the size (measured in total SFC/1× 10 6 PBMC) of positive peptide responses in first-degree relatives was similar to that in healthy controls (p=0.8) and both were significantly greater than that in newly diagnosed type 1 diabetic patients (relatives vs diabetic patients p=0.02; healthy controls vs diabetic patients p=0.008) (Fig. 2) . Furthermore, in healthy controls, seven of seven islet peptides showed an IL-10 response more frequently than the weakest tetanus toxoid peptide as compared with five of seven in first-degree relatives and only one of seven in newly diagnosed type 1 diabetic patients (Fig. 4) . In contrast with IFN-γ, the overall magnitude of islet peptide responses was similar (diabetic patients) or very much greater (relatives and healthy controls) than the size of responses to tetanus toxoid peptides (Fig. 2) . There was a non-significant trend to generally higher IL-10 responses in healthy controls than in the other groups (as shown by comparison of tetanus toxoid responses, p=0.14) (Fig. 1b) . However, at best this can only partially explain the differences seen, as no such difference was observed in the first-degree relatives group. In addition, no trend to greater IL-10 production in healthy controls was observed in a previous study using non-specific mitogenic stimulation of T cells [35] . Taken together, these results indicate that although antibody-negative first-degree relatives have IFN-γ responses to islet peptide almost as frequently as newly diagnosed type 1 diabetic patients, they are potentially protected by individual IL-10 responses that are very much larger than in newly diagnosed type 1 diabetic patients and comparable to those seen in healthy controls. When the ratio of maximal IL-10 and IFN-γ responses computed for each individual is compared between the groups, the response of first-degree relatives is intermediate between diabetic patients and healthy controls (Fig. 5) .
Antibody-negative first-degree relatives are characterised by a very low rate of progression to diabetes, despite sharing 50% of the genetic risk and a large part of the environmental risk of their affected siblings. Hence in our original hypothesis, we speculated that they would be 'super-protected' and have a greater Treg response than healthy controls. However, we found that their response is intermediate between that of healthy controls and newly diagnosed type 1 diabetic patients, and that they have a not insignificant frequency of pro-inflammatory responses. This finding is interesting, for if the responses studied here are truly representative of the overall immune response to the islet, this would suggest that: (1) even a modest amount of regulatory activity may be sufficient to prevent disease developing over the lifetime of an individual; and (2) the very high degree of protection present in healthy controls is more than is required. Such a finding provides considerable reassurance for immunotherapeutic approaches aimed at amplifying the islet antigen-specific Treg response [2, 36] . This is the first study of antigen-specific T cell reactivity in antibody-negative first-degree relatives. The IFN-γ ELISPOT results observed by us in newly diagnosed type 1 diabetic patients and healthy controls are consistent with previous reports studying peptide libraries from insulin and IA-2 [25, [37] [38] [39] . In all cases, a broad range of epitopes was recognised and more frequently in newly diagnosed type 1 diabetic patients than in healthy controls. For IL-10, there have only been two other previous reports [27, 28] besides our own [25] of antigen-specific T cell responses in type 1 diabetes. The study of Sanda and colleagues showed the presence of IL-10-secreting cells recognising a broad spectrum of epitopes in newly diagnosed children, but did not include a healthy control group [28] . In the study by Durinovic-Bello and colleagues [27] , no difference in the frequency of responses between newly diagnosed type 1 diabetic patients and healthy controls was seen when whole PBMC were tested by ELISPOT. However, among the memory T cell subset, IL-10 responses were more frequent in high-risk (antibody-positive) relatives and newly diagnosed participants than in HLA-matched control participants. This contrasts with the findings of the current and previous studies from our group [25] and the differences remain unexplained. The overall frequency of responses in the current study is low compared with earlier studies, although many of these used a larger peptide panel or whole antigen and hence are likely to have detected a larger proportion of the islet-specific T cell response, which all studies have shown to be very heterogeneous. The present results emphasise the requirement for a broad peptide panel in such studies where peptides rather than whole antigen are used. Finally, we cannot be certain of the true phenotypic behaviour of the T cell subsets studied, for example whether IL-10-secreting cells are indeed Tregs, but the distribution between patient groups certainly suggests this. Further in vitro studies of T cell subsets employing functional regulatory assays are required for confirmation.
In conclusion, our study indicates that antibody-negative first-degree relatives have proinflammatory islet-specific T cell responses similar in frequency to those in newly diagnosed type 1 diabetic patients, but this appears to be counterbalanced by some large IL-10 responses to individual epitopes. If these findings are confirmed in future studies using other peptide panels, they suggest that ELISPOT detection of IL-10 responses would be a useful measure of specific Treg activity in type 1 diabetes. They also indicate that if immunointerventions can effect even a modest increase in this activity, this increase (assuming it is not overwhelmed by a concomitant increase in pro-inflammatory cells) could result in significant preservation of beta cell function.
